ABSTRACT. Porcine circovirus associated diseases (PCVAD) have multiple manifestations that have been attributed to porcine circovirus type 2 (PCV2). Recently, a novel porcine circovirus, PCV type 3 (PCV3), was identified in pigs with systemic inflammation of unknown etiology. In this study, we tried to detect the PCV3 genome in tissue samples collected from Japanese pig herds in 2016. The PCV3 genome was detected by PCR in 7 of 73 samples. The homology between each Japanese strain was 99.5% for the full-length sequence and 98.9 to 99.2% for the open reading frame 2. These results suggest that PCV3 has already invaded Japanese pig farms.
doi: 10.1292/jvms. reading frame (ORF) 2. PCR was performed using GoTaq® Green Master Mix (Promega, Madison, WI, U.S.A.) according to the manufacturer's instructions. Forward and reverse primers were designed according to a previous report [13] .
Concerning clinical signs, the general viral pathogens for pigs, which include PCV2, suid herpesvirus 1 (SuHV-1), porcine parvovirus (PPV), porcine reproductive and respiratory syndrome virus (PRRSV), Japanese encephalitis virus (JEV), porcine epidemic diarrhea virus (PEDV), transmissible gastroenteritis virus (TGEV), porcine rotavirus A (PoRV-A), and Getah virus (GETV), were subjected to RT-PCR or simple PCR analysis [11] . Isolation of general bacterial pathogens was attempted on blood agar plates and chocolate agar plates. Colonies were picked, and the 16S rRNA gene was amplified by PCR using Ex Taq® (TAKARA BIO INC., Kusatsu, Japan) according to the manufacturer's instructions. Isolates were identified by 16S rRNA gene sequencing.
The full-length sequence of the genome was determined for the samples that were found to be positive for the PCV3 ORF2 by PCR. Primer sets were designed according to a previous report, and their respective annealing temperatures were determined [13] (Table 1) . The full-length PCV3 genomic sequence was assembled from sequences of each of the amplified products. Each nucleotide sequence was aligned with previously reported sequences of the members of the genus Circovirus and PCV3 ORF2, and was input into the Clustal W multiple sequence alignment program to produce the phylogenetic tree. Bootstrap values were calculated on 1,000 replicates of the alignment, using MEGA ver. 7.0 software [9] .
The details of the PCV3-positive samples are shown in Table 2 . The PCV3-positive rate at the farm level was 22.2% (6/27). The positive rate of PCV3 in all the samples was 9.6% (7/73). The detected PCV3 ORF2 genomes were designated as TG1923-2/2016, KGS1945-2/2016, KGS1945-3/2016, MZ1950-1/2016, KGS2065-4/2016, KGS2098-1/2016, and GM2124-2/2016 strains. The positive rates of PCV3 by prefecture were 0/5 (0%) in Toyama, 0/5 (0%) in Chiba, 1/6 (16.7%) in Gunma, 1/3 (33.3%) in Tochigi, 0/2 (0%) in Ehime, 0/5 (0%) in Kochi, 0/2 (0%) in Kumamoto, 1/17 (5.9%) in Miyazaki, and 4/28 (14.2%) in Kagoshima. The detection rate of PCV3 by age group was 6.7% (1/15) for fetuses, 13.3% (2/15) for suckling piglets (3-4 weeks of age), 9.0% (1/11) for weaned pigs (5-8 weeks of age), and 9.4% (3/32) for fattening pigs (9 weeks of age and older). The positive rates of PCV3 by organ were 1/55 (1.8%) in fetal organs, 3/47 (6.4%) in lung, 1/32 (3.1%) in liver, 2/25 (8.0%) in pulmonary lymph nodes, 1/23 (4.3%) in spleen, 2/17 (11.8%) in intestine, 4/14 (28.6%) in kidney, 1/12 (8.3%) in brain, 0/11 (0%) in tonsil, 1/4 (25.0%) in mesenteric lymph nodes, 1/3 (33.3%) in mandibular lymph nodes, 0/2 (0%) in inguinal lymph nodes, and 0/2 (0%) in placenta. Although the PCV3 genome was detected in various organs of the whole body, we could not confirm a specific target organ for PCV3 infection. Similar to our results, Ku et al. (2017) reported that the PCV3 genome was detected in various organs of the whole body [8] . The PCV3 genome was also detected in fetal organs, suggesting that PCV3 may be transmitted vertically from dams to fetuses. Previous epidemiological studies in the US and China reported that the PCV3 genome was also detected in fetal organs, and the authors refer to the possibility that PCV3 is transmitted vertically, and is involved in abortion [8, 13] . Pigs with the PCV3 genome had shown some clinical symptoms, such as sudden death (n=4), abortion (n=1), depression (n=1), and neurological symptoms (n=1). Co-infection with other pathogens, such as PPV, PRRSV, Streptococcus suis, Escherichia coli, and Staphylococcus haemolyticus, was detected in the PCV3-positive samples. Previous epidemiological studies in the US, China, and Poland showed that the positive rates of PCV3 in individual samples were 12.5% (34/271), 34.7% (77/222), and from 0 to 65.0% (the median was 22.2%), respectively [8, 13, 15] . Kwon et al. (2017) reported that the positive rates of PCV3 in pen-based oral fluid samples and at the farm level were 44.2% (159/360) and 72.6% (53/73), respectively, in South Korea [10] . The PCV3 genome-positive rate in this study was within the range of detection rate reported in other countries.
In previous reports, the PCV3 genome was detected in samples from young pigs aged 14-21 days and 63-70 days, and in aborted fetuses [13, 14] . Stadejek et al. (2017) reported that PCV3 was most common among weaned pigs, finishers, and sows (26.1, 28.0, and 29% of serum pools, respectively); however, only 5% of serum pools from suckling piglets were PCV3 genomepositive [15] . The authors suggested that the difference in the detection rate among the age groups is due to the protective effect of maternal immunity. However, in this study, the PCV3 genome was detected in all age groups.
PCV3 infection might be associated with PDNS, reproductive failure [8, 13] , multisystemic inflammation [14] , and congenital tremors [1] . Additionally, in this study, PCV3 was detected in an abortive fetus. PCV3 genomes were also identified from subclinical cases [19] . PCV2 likely requires other cofactors to induce the full spectrum of clinical signs and lesions associated with advanced cases of PCVAD [12] . As other pathogens were detected in PCV3-positive samples, it is possible that co-infection with PCV3 and other pathogens induced the complicated symptoms observed, such as PCVAD. To investigate the pathogenicity of PCV3, it is necessary to further investigate the pathogenicity of both PCV3 singular infection cases and co-infection cases.
Of the seven PCV3 positive samples, three whole genome sequences were obtained, and the genomes were found to consist of 2 kb single circular DNA. The sequences of the three strains, GM2124-2/2016, KGS2098-1/2016, and TG1923-2/2016, were subjected to phylogenetic analysis. The three strains grouped in a clade previously reported as PCV3, and which was separated from all other members of the genus Circovirus (Fig. 1) . The homology between each Japanese strain was 99.5% for the full-length sequence, and 98.9 to 99.2% for the ORF 2. Fux et al. showed that the sequences of PCV3 could be divided into two main groups (a and b) and several subclusters (a1, a2, b1 and b2) [5] . A phylogenetic tree was constructed based on the nucleotide sequence of the ORF2 (Fig. 2) . In this study, all the genotypes of PCV3 detected in Japan (GM2124-2/2016, KGS2098-1/2016, and TG1923-2/2016) belonged to the a1 subgroup. However, PCV3 reported from the other countries (Brazil, China, Germany, Italy, and South Korea) belonged to various clusters, and did not present any genotype and geographical correlation. The fact that all three strains obtained in this study classified into the same subcluster could be attributed to the small number of strains examined. Thus, further investigations using a large number of Japanese PCV3 strains are necessary.
In conclusion, this is the first report on the prevalence of PCV3 in Japan. We investigated the occurrence of the PCV3 genome in tissue samples collected from Japanese pig herds in 2016 using PCR. In the examination of the 73 samples collected from 27 farms, the PCV3 genome was detected in 7 samples from 6 farms in the Kanto and Kyusyu regions of Japan. Our results indicate that PCV3 is prevalent in commercial pig herds in Japan. To elucidate the influences of PCV3 on the pig industry, further studies involving virus isolation and elucidation of PCV3 pathogenicity in pigs are needed. Nucleotide sequence accession numbers: The GenBank accession numbers for the full PCV3 genomes sequence are LC269727, LC383840, and LC383841.
